There might be differences in how apes (including humans) and monkeys form concepts [18], and other animals, including bees, could use yet other solutions towards similar behavioural problems. 
The extracellular matrix (ECM) functions akin to a cellular exoskeleton, providing structural support and sites of attachment for the cells it surrounds. However, the ECM is much more than just a scaffold. With established roles in cell migration, tissue separation, and cell signal transduction [1] , the ECM is clearly a dynamic player in many cellular functions. Cytokinesis is the physical division of one cell into two daughter cells that occurs at the end of the cell cycle. Cytokinesis is accomplished by constriction of a contractile ring composed of filamentous actin and the motor myosin-II (together actomyosin) [2] . In order to divide, a cell must recruit and coordinate a host of regulatory and structural proteins to the division plane, but existing models of cytokinesis do not consider a contribution from secreted extracellular proteins.
The secreted ECM protein hemicentin (HMCN1 or fibulin-6 in Homo sapiens, HIM-4 in Caenorhabditis elegans) is of particular interest as it may have an evolutionarily conserved role in cytokinesis. Hemicentin is a relative of a multigene family of proteins called fibulins, secreted proteins that assimilate into the ECM and form higher order structures, such as elastic fibers [3] . The hemicentin protein contains a single, highly conserved von Willebrand A domain, a long stretch of immunoglobulin repeats, epidermal growth factor domains, and a fibulin-like carboxy-terminal module [4] . In the roundworm C. elegans, hemicentin HIM-4 has been found in cell-matrix adhesion sites known as hemidesmosomes and at multiple connecting junctions throughout the body [5] . Cells surrounding the hermaphroditic worm gonad also secrete hemicentin , and functional disruption of the him-4 locus in C. elegans leads to a high incidence of males due to defects in segregation of the X chromosome, resulting in XO male progeny [6] . The him-4 mutants also display pleiotropic defects in motility, adhesion, behavior, and gonad morphology [5] .
In a paper published in a recent issue of Current Biology, Xu and Vogel [7] took a closer look at the gonad morphology defects in him-4 mutants. In the C. elegans gonad, germ cells form as part of a syncytium, with incomplete cytokinetic furrows partitioning single nuclei that share a common cytoplasm [8] . These nuclei are eventually segregated completely as the cell matures into an oocyte and physically separates from the syncytium [8] . Hemicentin HIM-4 labeled with green fluorescent protein localized in a ring structure at the base of these incomplete furrows in the gonad. In the absence of hemicentin HIM-4 , the gonad in aged worms became disorganized due to the formation of multinucleated germ cells. Temporal analysis revealed that while nascent membrane partitions appeared to have a normal structure, they soon became destabilized and eventually collapsed.
The recruitment of hemicentin HIM-4 to the tips of the membrane partitions in the C. elegans gonad was dependent on the highly conserved Rho family guanine nucleotide exchange factor (GEF) ECT-2. During cytokinesis, ECT-2 activates Rho and initiates assembly of the actomyosin ring at the constriction site [2] . In an ECT-2-deficient background, the majority of hemicentin HIM-4 remained in the pseudo-coelomic fluid outside of the gonad. Taken together, these results suggest a role for hemicentin in maintaining the cytokinetic membrane partitions in older worms, and that its recruitment to and/or maintenance at the site of division requires the activity of the intracellular cytokinetic machinery (Figure 1) .
Notably, only aged worm gonads were affected by hemicentin disruption, and no cytokinesis failures were observed in dividing embryos prior to hatching. Perhaps the weakening of the core cytokinetic machinery over time forces cells to rely more heavily on redundant stabilizing mechanisms, such as those provided by the ECM. This would explain why functional disruption of hemicentin does not perturb cytokinesis until later in life.
Association studies in humans have linked mutations in hemicentin to some patients with age-related macular degeneration (AMD), the most common blinding disorder in the Western world [9] . AMD is frequently associated with the presence of multiple, multinucleated giant cells in the retina [10] , which may be indicative of cytokinesis defects resulting from ECM disruption in human cells.
Xu and Vogel [7] also showed the role of hemicentin in cytokinesis is conserved. Immuno-fluorescent staining of fixed mitotic one-cell mouse embryos revealed that the two highly conserved hemicentin orthologs, hemicentin-1 and hemicentin-2, both concentrate at the presumptive cleavage furrow and surround the actomyosin contractile ring (Figure 1) . Further, double-stranded RNA (dsRNA)-mediated knockdown or targeted inactivation of the hemicentin-1 gene produced cytokinetic defects in these murine embryos. Knockdown of hemicentin-1 resulted in most embryos arresting before the four-cell stage with multinucleated blastomeres. Targeted inactivation also resulted in multinucleated cells that often had internal polar bodies.
Although a role for secreted proteins in cytokinesis has not been previously appreciated, a number of reports have suggested that secreted extracellular proteins may participate in cytokinesis across phylogeny. For example, in budding yeast, septum formation is dependent on synthesis of chitin, a secreted cell-wall component that ultimately separates the mother and daughter cells [11, 12] . In C. elegans, simultaneous depletion of the secreted proteoglycans CPG-1 and CPG-2 results in cytokinesis failure and produces multinucleated single-cell embryos [13] . The cytokinesis defects in both yeast chitin synthase mutants and C. elegans proteoglycan mutants is in part indirect due to osmotic sensitivity as cytokinesis can be partially to fully rescued with osmotic support ( [12] and Sara Olson, unpublished results). Nevertheless, the cytokinetic defects seen in C. elegans him-4 mutants are not specifically affected by osmotic changes [7] , suggesting that hemicentin HIM-4 may be important both structurally and functionally during cell division.
How then does the ECM contribute to cytokinesis? Mediation between the ECM and the intercellular space during cytokinesis may be accomplished via integrins, transmembrane receptors important for cell-matrix adhesion and cellular signaling. Integrins are essential to maintain gonad morphology in C. elegans, and disruption of the integrin-linked kinase ILK leads to both mitotic and cytokinetic defects in mammalian cultured cells [14, 15] . Further, disruption of integrin function or integrin trafficking in mammalian cells results in cytokinesis failure and formation of multinucleated cells [15, 16] . One possibility is that integrins crosslink the ECM to the intracellular cytoskeleton as occurs during interphase, anchoring the cytokinetic contractile machinery to the outside of the cell (Figure 1 ). This would lend stability and facilitate the maintenance of intact membrane partitions. Undoubtedly, a more complete understanding of cytokinesis will require that we think 'outside of the cell' and incorporate a role for the ECM in cell division.
